specific populations of AMPA receptors are pharmacologically distinct, the spatial distribution of these synIntroduction apses along the dendritic arbor is unknown. Traditional methods such as paired recordings have been problemThe lifetime of the synaptic conductance is one imporatic due to the exceedingly low probability of connected tant determinant that controls the window over which pairs in dual dentate granule cell-CA3 interneuron resynaptic events temporally overlap ( tational functions? Second, are afferent-specific synap-
highly variable rise times and decay time constants, it is possible that both MF and CL inputs onto these suggesting that the underlying synaptic conductances interneurons arrive across the entire dendritic tree and were distorted by dendritic filtering (Figures 1B and 1D ). are not as highly segregated as at pyramidal cell synConsistent with this hypothesis, a strong correlation was apses. This makes the use of rigid kinetic criteria to identify MF-or CL-mediated EPSCs problematic. Conobserved between EPSC rise times and decay time con- of more rapid gating kinetics in GluR2-lacking receptors the disparity between EPSC and conductance time course. Because the time course of the change in driving (Geiger et al., 1995 (Geiger et al., , 1999 Lawrence and Trussell, 2000) .
force that reaches the synapse is related to distance We also considered whether differences in timing in between soma and synapse, the voltage jump method the onset of individual EPSCs, or "synaptic jitter," could also provides valuable information regarding the elecaccount for the disparity in average synaptic conductrotonic distribution of synapses along the somatodentance time course between MF and CL synapses. Howdritic axis. This parameter is measured by the time ever, we observed no difference in the standard deviacourse of the charge recovery curve prior to the onset tion of MF and CL latencies (0.56 Ϯ 0.04 versus 0.52 Ϯ of the EPSC (Hä usser and Roth, 1997). To test explicitly 0.06 ms, respectively, p ϭ 0.30; Figure 4F ). There also that the foot of the charge recovery curve contained was not a statistically significant difference between electrotonic location information, both proximal and dis-EPSC amplitudes ([MF] age jump for each. The resulting charge recovery curves In summary, our results indicate that by changing the are overlaid, revealing that the kinetics of the charge driving force at the site of the synapse, afferent-specific recovery curve prior to the onset of the EPSC (the elecconductances on hippocampal interneurons are retrotonic index) is faster for the proximal input (0.6 ms) vealed to be associated with different time courses.
than for the distal input (3.5 ms) ( Figure 5B ). However, a comparison of the synaptic conductance time course Afferent-Specific Synaptic Conductances Are reveals that proximal and distal locations activated conLocated at Distinct but Overlapping ductances with similar lifetimes ( proximal ϭ 2.6 ms; distal ϭ Electrotonic Locations 3.0 ms) despite their differing electrotonic indices (0.6 The observation that faster synaptic conductances are versus 3.5 ms). Even though both inputs activated connot always associated with the more rapid EPSC time ductances with a similar time course ‫3ف(‬ ms), the EPSC course ( Figures 4A and 4B) implies that differential denwaveforms were significantly different (see inset, Figure  5B ), confirming the hypothesis that differential dendritic dritic filtering due to electrotronic location may underlie Given that the rise time of the synaptic current has that, similar to synaptic time course, the afferent-specific AMPA receptor properties are maintained across traditionally been used as an indicator of the distance of a synaptic conductance from the recording site (Rall, the dendritic tree. Finally, the average series resistances in recordings from these overlapping MF and CLs were 1969), we next predicted that the electrotonic location measurements from the charge recovery curves would 24.0 Ϯ 2.8 and 24.8 Ϯ 1.5 M⍀, respectively (p ϭ 0.4), indicating that the degree of electotonic overlap was be correlated with the EPSC rise times. Indeed, these two parameters showed a tight correlation (r 2 ϭ 0.85, not biased by differences in series resistance. These data are consistent with anatomical data that suggest p Ͻ 0.0001; Figure 5C Figure 5D ). Where MF and CL synapses overlapped electrotonically at proximal dendritic locations ‫6.0ف(‬ to Obtaining accurate measurements of synaptic conductances has been problematic in the field of synaptic 1.4 ms in Figure 5D ; average electrotonic indices were 0.85 Ϯ 0.17 versus 1.0 Ϯ 0.11 ms for MF and CL synphysiology due to the fact that only under optimal voltage-and space-clamp conditions do the kinetics of synapses, respectively, p ϭ 0.15), the synapses were still accompanied by statistically distinct time courses aptic currents reflect the actual conductance change at the synapse site (Silver and Farrant, 1999 shown that afferent-specific synaptic receptor popula-A second approach entails excising membrane tions often occupy different dendritic domains. This anapatches containing AMPA receptors from the soma or tomical segregation has made it unclear whether afferdendrites and rapidly applying glutamate to the mement specificity of synaptic receptors is conferred by the brane patch ( (Trussell, 1998) .
Miles, 2000). At the network level, a higher precision of spike timing at one set of synapses versus another may Generally, differences in the underlying synaptic conductance translate to differences in local EPSP time translate to recruitment of different sized interneuron networks and/or a longer-range synchrony of oscillacourse (Geiger et al., 1997; Trussell, 1998) . However, an identical EPSP time course introduced at a distal tions. Interestingly, in a recent study, mice expressing a higher than normal level of calcium-impermeable AMPA dendritic compartment will be significantly prolonged at the soma compared to one occurring at a more proximal receptors in hippocampal interneurons showed a reduction of long-range synchrony (Fuchs et al., 2001) , suglocation. Recently, however, mechanisms have been shown to exist on principal neuron dendrites that act to gesting that AMPA receptor subunit composition controls the extent to which interneurons are involved in normalize the EPSP time course at the soma (Magee, 1999) . One proposed mechanism of minimizing the locaoscillations.
In conclusion, we demonstrate that two populations tion dependence of EPSP time course involves a polarized distribution of AMPA receptors, whereby faster of afferent-specific AMPA receptor populations on hippocampal inhibitory interneurons are associated with AMPA receptors are preferentially located at more distal dendritic regions (Magee, 2000) . This mechanism would different synaptic conductance time courses. We predict that single CA3 stratum lucidum interneurons act not appear to apply to stratum lucidum interneurons, because the more distal CL synapses were associated as differential integrators of synaptic activity, and the temporal integration performed by the interneuron, and with slower conductance time courses. However, it is possible that spatial differences in AMPA receptor kinetconsequently inhibitory control of the spread of excitation within the hippocampus, is intimately linked to the ics may affect the amplitude of the EPSP. For example, more distal CL inputs may compensate for their electronature of the synaptic conductance activated. Thus, the role of single inhibitory interneurons within the CA3 hiptonic disadvantage with a slower deactivating synaptic conductance, which may allow for a more sustained pocampal region will depend on whether they are activated by the feedforward or feedback network. charging of the membrane, resulting in larger EPSPs.
A second mechanism of normalizing EPSP time course is by the recruitment of active conductances 
